Both hyperglycemia and hypoglycemia in hospitalized patients are associated with adverse outcomes including increased rates of infection, longer hospital length of stay, and even death. Clinical trials in patients with type 2 diabetes mellitus proved that by improving glycemic control, we can reduce all of them. Insulin is the preferred treatment for glycemic control in most cases, but alternative treatment options that can normalize blood glucose levels without hypoglycemia are being sought. Moreover, hospitalized patients are particularly vulnerable to severe, prolonged hypoglycemia since they may be unable to sense or respond to the early warning signs and symptoms of low blood glucose. Finally, nutritional support, corticosteroid therapy, and surgery increase the risk of hyperglycemia that leads to an increased risk of morbidity and mortality. We review the management of type 2 diabetes mellitus patients who are admitted to the general medical wards of the hospital for a procedure of intercurrent illness.
INTRODUCTION
Both hyperglycemia and hypoglycemia in hospitalized patients are associated with adverse outcomes including increased rates of infection, longer hospital length of stay, and even death. [1, 2] Acute illness results in a number of physiological changes, such as increases in circulating concentrations of stress hormones, or therapeutic choices, such as glucocorticoid use that can exacerbate hyperglycemia. Hyperglycemia, in turn, causes physiological changes, such as decreased immune function and increased oxidative stress, which can exacerbate acute illness. This results in a vicious cycle of uncontrolled blood sugar and worsening of the disease. [3] Randomized clinical trials in no critically and critically ill patients with type 2 diabetes mellitus (T2DM) proved that by improving glycemic control, we could reduce all of them. Consequently, the hospital objectives for T2DM patients must include improved glycemic control (preventing hypo-and hyperglycemia) so that they can reduce hospital complications, systemic infections, hospital stay, and hospitalization cost and provide an effective transition out of hospital so as to prevent readmission.
Here, we review the management of T2DM patients who are admitted to the general medical wards of the hospital for a procedure of intercurrent illness. The treatment of hyperglycemia in patients with artificial nutrition and with corticosteroid therapies, and the perioperative management of T2DM are also discussed.
CONSIDERATIONS ON ADMISSION
We must measure glucose level in all patients admitted to the hospital as is advised in clinical guidelines. [2, 4] Those with hyperglycemia, defined as blood glucose > 140 mg/dL, and those with a history of T2DM should be monitored with glucose testing before meals and at bedtime. If the patient is taking nothing by mouth, testing is recommended every 4-6 hours. In diabetic patients, HbA1c should be placed if it has not been made within the prior 3 months. If we find a "non diabetic" patient with HbA1c > 6.5%, it suggests that diabetes preceded the hospitalization.
GLYCEMIC TARGETS IN HOSPITALIZED PATIENTS
In hospitalized patients, hyperglycemia is defined as blood glucose > 140 mg/dL.
In critical care settings, a glucose target of 140-180 mg/dL is recommended for most critically ill patients. [2, 4] Data from trials, [5, 6] using intensive glycemic control in patients in intensive care unit (ICU) failed to show a significant improvement in mortality and in some cases, showed an augmented mortality risk. The GLUCO-CABG trial, [7] in patients after cardiac surgery also demonstrated no differences in rates of complications and death between an intensive glucose management of 100-140 mg/dL and a traditional target of 140-180 mg/dL. However, more stringent objectives as 110-140 mg/dL may be appropriate for select patients if they are achievable without meaningful risk of hypoglycemia, for example, patients with acute myocardial infarction [8] or neurological events.
In non-critical care settings, a glucose target between 140 and 180 mg/dL is recommended. Higher glucose levels may be adequate in terminally ill patients or with severe comorbidities. [4] An acceptable goal to prevent hypoglycemia is to attain pre-meal blood glucose no lower than 90-100 mg/dL. [9] Insulin In critical care setting, continuous intravenous insulin infusion is the preferred way to control hyperglycemia. [2] The administration should be based on validated protocols. The glucose measurements should be made every hour until stable glycemic control is achieved.
INPATIENT MANAGEMENT
In non-critical care setting, basal insulin is administered once or twice daily in combination with prandial and correction insulin is the preferred treatment for patients with good nutritional intake. The only use of sliding-scale insulin is strongly dejected. If oral intake is poor, we can administer the short-acting insulin after the patient eats to avoid hypoglycemia. If the patient is taking nothing oral, we can use a basal plus correction insulin regimen.
Alternative treatment options
The use of oral antidiabetic treatments during the hospitalization is generally not recommended because of the limited data available on their safety and efficacy, and also due their major risk of hypoglycemia and contraindications. Alternative treatment options ( Table 1 ) that can normalize blood glucose levels without undue hypoglycemia are being sought. Incretin-based therapies, such as glucagon-like peptide-1 receptor agonists (RA-GLP1) and dipeptidyl peptidase-4 inhibitors (iDPP-4), may have this potential by increasing glucose-dependent insulin secretion and inhibiting glucagon secretion with a low risk of hypoglycemia. Incretinbased therapies also can be used in combination with insulin to provide further flexibility for blood glucose lowering than what can be obtained by incretins alone.
A recent randomized trial [10] in T2DM patients treated at home with oral antidiabetics or a low dose of insulin (< 0.4 IU/kg/day) showed that sitagliptin, alone or in combination with basal insulin resulted in similar glucose control, frequency of hypoglycemia, and length of hospitalization compared with a basal bolus insulin regimen. The sitagliptin groups required a lower total daily dose of insulin and fewer insulin injections. A large multicenter trial aimed to determine the safety and efficacy of sitagliptin therapy for in-hospital and post-discharge management of general medicine and surgical patients with T2DM, is currently ongoing. [11] Several trials have evaluated RA-GLP1 infusion therapy, alone or in combination with insulin, in diabetic ICU patients. [12] [13] [14] [15] In T2DM patients with oral agents, with mild to moderate insulin resistance, glucose control was successful with incretins alone, but insulin was required in those with significant insulin resistance. RA-GLP1 use decreased the cumulative insulin dose, the frequency of insulin titrations, the time to reach steady state glucose and glucose variability. [12] [13] [14] [15] Incretin therapies show promise in inpatient management. [16] DeFronzo and Schwartz have described a protocol to use incretins in hospital admission and at discharge. [17] They suggest starting with incretins, before or immediately after admission to the hospital, to prevent hyperglycemia in most diabetic patients. Insulin should be added in the case of persistent hyperglycemia, initially with correction scale, later changing to basal insulin if necessary. They also suggest that incretins be continued until discharge.
Treatment of hypoglycemia
Hospitalized patients are particularly vulnerable to severe, prolonged hypoglycemia since they may be unable to sense or respond to the early warning signs and symptoms of low blood glucose. Hypoglycemia is defined as blood glucose < 70 mg/dL. Severe hypoglycemia occurs when glucose is < 40 mg/dL. The prevalence of hypoglycemia in critically ill patients ranged between 5% and 28%, [18] and in noncritical care settings between 1% and 33%. [19] The most common risk factors are older age, change in nutritional intake (reduced oral intake, emesis, unexpected interruption of enteral or parenteral feedings), inappropriate administration of short-acting insulin's relation to meals and failure to adjust treatment when we reduce the infusion rate of intravenous dextrose or steroid therapy. [20, 21] Hypoglycemia in hospitalized T2DM patients has been associated with poor outcomes and 2.8 days longer hospital stay. [22] However, other studies suggest that the increased mortality rate associated with hypoglycemia is only with spontaneous hypoglycemia rather than drug-associated hypoglycemia. [23] The causes of hypoglycemia in hospitalized T2DM patients include continued hypoglycemic therapy, such as sulfonylureas, when caloric intake is stopped or reduced, use of standard sliding-scale insulin inadequately, [24] errors in insulin dosing, and implementation of intensive insulin therapy in critically ill patients. [25] Prolonged QT interval, ischemic electrocardiogram changes, arrhythmias, and sudden death are also associated with hypoglycemia. [26] Inpatient mortality was significantly higher for patients with at least one hypoglycemic (< 50 mg/dL) episode. [22] We can prevent or reduce hypoglycemic events in hospitalized patients by: [27] -Recognizing precipitating factors. 
Nutritional support
Nutritional support increases the risk of hyperglycemia that leads to an increased risk of morbidity and mortality. However, there is little literature available with specific recommendations for this situation. [28] Enteral nutrition: Enteral nutrition increases the risk of hyperglycemia in hospitalized T2DM patients. Before beginning enteral nutrition, it is important to know the metabolic status, previous control of diabetes, and insulin requirements. [29] Continuous enteral nutrition has an effect, not totally known, in secretion and action on incretin hormones and can contribute to hyperglycemia. Hospitalization produces insulin resistance and together with delivery of glucose and gluconeogenic substrates via enteral contribute to hyperglycemia. [28, 30] Hyperglycemia can be treated with the use of diabeticspecific formulas and different insulin regimens. Although some institutions do not have recommendations about this, [31] diabetic-specific formulas have been suggested in patients with persistent hyperglycemia. [29] Retrospective studies with different insulin regimens have demonstrated effectiveness to manage hyperglycemia with a variable degree of control. These studies use basal insulin glargine once daily, NPH every 4 or 6 hours, or 70/30 biphasic insulin twice or 3 times a day. [32] [33] [34] Another approach is to use sliding-scale regular insulin regimens. [28] Nevertheless, there are also concerns with respect to the use of long-acting insulin causing hypoglycemia with interruption of nutrition; for this reason, some institutions prefer to use only short-acting insulin or intermediate-acting insulin. [28] However, there is only a prospective study that has compared the effectiveness and risk of hypoglycemia between basal insulin versus sliding-scale regular insulin, and showed that use of sliding-scale regular insulin is not sufficient in most diabetics and requires addition of NPH insulin. For that, the early addition of glargine or NPH insulin is secure and useful, and it is preferred over slidingscale regular insulin isolated. [35] There are a lot of strategies in insulin treatment for managing hyperglycemia in patients with enteral nutrition and it is important to individualize each case keeping in mind the type and amount of nutrition, previous and recent blood glucose control. Sliding-scale regular insulin can be an initial option in some patients, [28] but the addition of basal insulin is necessary in the majority of diabetic patients. [35] In conclusion, with continuous enteral nutrition, a good management technique can be to administer a basal insulin once daily (glargine, determir) or twice a day (determir/ NPH) together with a rapid-acting insulin in divided dose every 4 hours or preferably, for less injections, a regular insulin divided dose every 6 hours. If the continuous enteral is cyclical, we also can administer a basal insulin at the time of starting enteral nutrition and a combination of rapidacting or regular insulin only during the time of nutrition, and administer before 4 or 6 hours finish the nutrition. In case of bolus feeding, the best approach can be to administer short-or rapid-acting insulin before each bolus. [4, 36] Parenteral nutrition: Hyperglycemia is a common metabolic complication of parenteral nutrition and it involves unsatisfactory clinical outcomes. Hyperglycemia is caused by excess of parenteral glucose and metabolic changes occurring in hospitalized patients as a result of the hospitalization stress; this produces mediators and interferes with carbohydrate metabolism producing more hepatic gluconeogenesis and less glucose utilization in peripheral tissues. It is important to control blood glucose every 6 hours after parenteral starting nutrition. [30, 37] Subcutaneous and intravenous insulins are valid options for managing hyperglycemia. The use of intravenous infusion of insulin is reserved for critical patients where exist the possibility for a tighter control, [30, 38] and patients with marked hyperglycemia because is achieves better control. [4, 39] For more stable patients and patients in non-ICU, the insulin can be administered by mixing it in nutritional parenteral bag safely. [30] When patients are initially treated with intravenous insulin infusion, we can estimate the dose in parenteral nutrition bag. [4] Other option is adding insulin in the ratio of 1 unit of insulin per 10 or 11 grams of dextrose in patients receiving 150-300 grams of carbohydrates per day. [30] Subcutaneous correction dose of regular insulin must be used to correct hyperglycemia and regulate the dose of insulin. [4] The amount of insulin depends on clinical situation, quantity of carbohydrates, and metabolic status. One study shows the relationship between requirements of insulin in T2DM patients with parenteral nutrition and different predictors, with a heavy relationship with ICU admission, overweight or obesity, and blood glucose control > 120 mg/dL on day, that parenteral nutrition initiate or a mean > of 180 mg/dL during receiving the nutritional support. [40] There are not many articles that study the administration of glargine in patients with parenteral nutrition and these studies have different results about glycemic control. Moreover, if parenteral nutrition is stopped, the long action of glargine can produce hypoglycemia and it is important to use the adequate mechanism to avoid this. For this, there is not a firm conclusion about the use of this insulin in patients with parenteral nutrition. [41, 42] Corticosteroid therapies Hyperglycemia is a frequent complication in patients with corticosteroids. It is prudent monitoring blood glucose at least 48 hours in patients with high dose of them, [2] and it can be stopped in non diabetic patients when the blood glucose control is under 140 mg/dL without treatment and corticosteroids dose is not going to raise. The mechanism whereby hyperglycemia occurs is increased hepatic gluconeogenesis and a diminished glucose uptake in peripheral tissues. The principal risks factors for hyperglycemia in patients with T2DM are body mass index, age and high dose of corticosteroids. [4, 43] Insulin therapy is the elected treatment. Most patients with glucocorticoids may be managed with a subcutaneous basal bolus insulin regimen, [44] with a starting dosage of 0.3-0.5 IU/kg/day, where 50% of total daily dose is administered as basal insulin and another 50% is administered divided in three doses of nutritional insulin. [4, 45] One retrospective study suggests that generally, patients need more insulin to achieve normoglycemia, approximately 0.8 IU/kg/day and proposes give more nutritional insulin: 65-70% versus 30-35% of basal insulin. [45] In any case, the starting dosage depends on each patient, keeping in mind the clinical situation, severity of hyperglycemia, and dose of corticosteroids. [4] If patients are previously treated with insulin, it is difficult to predict the new dose, but we must expect an increase in insulin requirements. [43] 
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Moreover, correct doses of regular insulin must be prescribed with scheduled insulin. [43] It is necessary to adjust insulin with glucose control, and when there is change in dose of glucocorticoids.
In patients with uncontrolled and severe hyperglycemia and in patients in ICU, an intravenous insulin infusion is more recommendable because it is most efficient in getting normoglycemia. [2, 4] Various articles compare NPH insulin with glargine insulin as basal insulin in patients receiving corticosteroid therapy. Both studies show similar effectiveness in the management of hyperglycemia. Although without statistically significat difference, in both articles was found more rate of hypoglycemia in NPH group. [46, 47] Surgery Hyperglycemia is associated with increased risk for adverse outcomes in patients undergoing surgery: more length of stay, postoperative complications, infections, and more mortality. [48, 49] The recommendations and the treatment depend on the type of diabetes, surgical procedure, when patient is going to resume feeding, previous diabetic treatment, glucose control, and metabolic state of patients. [4, 50] T2DM patients controlled with diet and exercise, may not need a special preoperative intervention and the glucose can be regulated with correctional regular insulin. Patients with oral antidiabetic or non-insulin injected antidiabetic therapy must discontinue their medications at least 24 hours before surgery and change it for insulin treatment if it is necessary, to achieve normoglycemia. If the patients were treated with insulin previously, they will need insulin in the perioperative period. [4, 51] Because basal insulin is for period between meals, on the day of surgery, it must be administered even if the patients are not going to eat. Moreover, we should prescribe a correctional dose of regular or rapid-acting insulin. [4] For long-acting insulin, it is recommended to administer a 75-100% of morning dose. In case of intermediate-acting insulins, as they have a peak effect, it is suggested to give only 50-75% of morning dose. For fixed combinations insulins are important consider only the administration of NPH component. In some situations, such as patients with difficult control, intravenous insulin infusion is a good option, although it depends on the accessibility and possibility of patients monitoring. [50, 51] Postoperatively, basal bolus regimen is better than sliding-scale insulin to control glucose. If patients do not eat, we must only prescribe basal insulin with a correctional dose of regular or rapid-acting insulin; when patients start to eat, we must administer basal insulin plus nutritional insulin in the meals plus correctional dose. [52] TRANSITION FROM HOSPITAL TO HOME During hospitalization, it is important to evaluate and get information concerning the patients' diabetic history: treatment, level of glycemic control, hypoglycemias, HbA1c, and general information about the patient as cultural context, financial resources, and cognitive abilities. This information is useful for deciding if we must to keep or change the treatment when patients come back home. On the other hand, hospitalization can be a good opportunity to review concepts around diabetes with the patients. [2] If HbA1c is < 7%, patients can be continued with their same outpatient regimen if it is not contraindicated. For patients with HbA1c > 7%, it is necessary to intensify outpatient diabetic treatment with oral agents, insulin or in combination. In patients with elevated HbA1c and symptomatic or severe hyperglycemia, it is necessary to begin with insulin therapy. We must begin insulin at least 1 day before hospital discharge to check the safety and effectiveness of treatment. [4] It is very important to give patients clear and written information. We must explain and warn about selfmanagement as treatment dosage and timing of administration, hyperglycemia and hypoglycemia, eating patterns, glucose control, and special situations. This is especially important in patients with new medications, insulin regimens, and more complex treatment. [4, 9] CONCLUSIONS High blood glucose levels in hospitalized patients with T2DM are associated with increased risk of morbidity and mortality. Improved glucose control with insulin injections may improve clinical outcome and prevent some of the hospital complications. Recently, new oral agents as incretins show promise in inpatient management because, alone or in combination with basal insulin, resulted in similar glucose control, and less frequency of hypoglycemia compared with a basal bolus insulin regimen. Other situations as nutritional support, corticosteroid therapies, and surgery should be considered when establishing treatment because of worsening hyperglycemia.
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